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Ostracodes belong to Class Crustacean, have been diversified in the various 
environments.  There are several works on Indonesian and South East Asian ostracodes.  But 
samples were taken from sediments and little attention was paid for living speciments and 
their original habitats.  This study aims to know the faunal composition of living ostracodes 
in various seaweeds in the intertidal zone, their adaptation to microhabitats if it exist, the 
zoogeographical and characteristics of Indonesian Xestoleberis and Paradoxostomatinae 
species which are not described yet.  This study will be the first one from Indonesia and 
probably from Southeastern Asia of this type of study.  In this study the samples were taken 
from four localities, which cover two types of environments: embayed sandy muddy coral 
beach located in Madura Island (Pamekasan and Sumenep), and open wavy rocky beach in 
Bali Island (Tanah Lot and Blue Lagoon).  In this study about 15 species of seaweeds and 
some coral fragments were collected, and the habitats were classified into three types: tall and 
smooth surface algae in open wavy rocky beach as the physically toughest habitat; tall and 
smooth surface algae in embayed sandy muddy beach and filamentus algae in open wavy 
rocky beach as relatively stable habitats; additional sample was collected from coral 
fragments from embayed sandy muddy beach (only used for the morphological adaptation in 
calm and stable habitat).  In total, 21 ostracode species were found.  Total number was 1264 
individuals.  Paradoxostomatidae has 10 species and Xestoleberididae has 4 species, and 
other families such as Loxoconchidae, Hemicytheridae and Bairdidae were subordinate.  Out 
of the 21 species, two families, Paradoxostomatidae (genera: Paradoxostoma s. l., 
Brunneostoma and Bradystoma) and Xestoleberididae, were found to be dominant in terms of 
number of species and abundance in the phytal faunas.  The segregation of the species to their 
habitats were clearly recognized.  In the tall and smooth surface algae in open wavy rocky 
beach, the prominent living phytal fauna was Brunneostoma sp. 2, and Bradystoma sp. (all 
Paradoxostomatidae), on the other hand, on the relatively stable the fauna from filamentus 
algae in open wavy rocky beach the prominent species are Brunneostoma sp. 1, 
Paradoxostoma s. l. sp. 1, and Xestoleberis spp, and in the tall and smooth surface algae in 
embayed sandy muddy beach was dominantly consisted with Xestoleberis spp.  This study 
also gives a good example of morphological adaptation to the habitats by Paradoxosmatinae.  
Species living on tall and smooth surface algae in the open wavy rocky beach have 
specialized large mouth-part which is used as a sucker to stick to the surface of the algae, 
have robust claw and long coxa.  These features are the reason why Paradoxostomatidae is 
the only ostracode taxon able to toughest habitat.  Four species of Xestoleberis and six 
species of Paradoxostomatinae were observed, illustrated, and described.  Biogeographycal 
analysis revealed that Indonesian Xestoleberis were composed of Oriental element, 
Australian element, and original element. 
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Indonesian is located in a complicated and important area in term of biogeography.  
In the world, biographic regions devided into six regions by Sclater in Udvardy (1975): 
Paleartic, Oriental, Ethiopian, Australian, Neartic, and Neotropical region.  Indonesia is close 
to boundary between Oriental region and Australian region.  There is also the area called 
Wallacea region, a mixture zone between Oriental and Australia region (Wallace, 1869).  The 
complicated biogeography must be related to the geological background.  The plates in 
Indonesia regions are composed of Eurasian plate and Indo Australian plate and some other 
microplates (Bird, 2003).  However, these discussions on biogeography have been done 
based on the land animals and plants, and little attentions were paid to the marine animals, 
especially intertidal animals. 
In this study, intertidal ostracodes were used as the animal to discuss the 
biographical features of Indonesian intertidals.  Ostracodes are typically around 0.3-30 mm in 
size (Athersuch et. al, 1989).   Their bodies are protected by a bivalve-like carapace.  The 
ostracodes have diversified to distribute in various environments with special adaptations 
(e.g. Kamiya, 1988). 
Although several studies on ostracodes in Indonesia have been reported (Dewi, 
1993; Mostafawi et al., 2005), our knowledge of living ostracode fauna in this area is still 
imperfect.  This is also true for the works on Southeast Asian ostracodes reports are limited to 
the occurrence of the species (alive and dead specimens) from sediments with little attention 
to their original habitat (e.g. Quanhong and Whatley, 1989; Tanaka et al., 2009).  
The intertidal habitats for ostracodes includes algae, tidal flat, and intertitials in the 
sand beach.  However, this study only focused to the phytal habitat.  The reason was to get 
living specimens easily and effectively, and to study the adaptations of ostracodes effectively 
for the first time in Indonesia, in addition to discuss the biogeographical aspect of Indonesian 
 6 
intertidal fauna. Tall algae very easily move and sway by wave action, and smooth surface 
algae provide ostracodes slippery surface, in other words, ostracode is expected to be easily 
removed from these kind of habitats without special adaptation.  Therefore, intertidal phytal 
ostracodes will provides the interesting relationship between habitats and faunal composition, 
examples of adaptation to habitats, and biogeographical information. 
Hull (1997) reported that the species composition of intertidal faunas in British was 
influenced by algae species.  Although the most abundant is Paradoxostoma species, 
different type of algae has different species of Paradoxostoma (Hull, 1997).  The fact that 
microhabitats influence the composition of intertidal fauna of ostracodes was also reported by 
Frame et al. (2007).  In this case the abundance of ostracode was significantly different 
between the difference morphology of algae from rocky intertidal beach.  
The only report which discusses the morphological adaptation of ostracodes to 
habitats is Kamiya (1988).  The study on the genus Loxoconcha reported the tip of the third 
thoracic leg of phytal species to be pointed and hooked in order to attach to the surface of 
algae. 
Based on Frame et al. (2007), Xestoleberis and Paradoxostoma are possibly 
common species together with Hemicytherura and Cythere in phytal fauna in intertidal zone 
in California.  Xestoleberis is a cosmopolitan ostracode genus especially abundant in shallow 
marine environments.  
Sato and Kamiya (2007) divided Xestoleberis species into 3 groups (Group A, B, 
and C) based on six characteristics which would reflect phylogeny: type of pores, general 
carapace shape, morphology of muscle scars, male copulatory organ, differentiaton of 
distribution pattern of pore system, and number of setae on the third podomere of the 
mandibular palp.  
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The geographical distributions of Xestoleberis species are mainly in tropical and 
low-middle latitudes, however, so far no detail description of Xestoleberis species from 
Indonesia.  Mostafawi et al. (2005) identified Xestoleberis as Xestoleberis sp.  
Another common species which inhabit seaweeds is Paradoxostoma (Frame et al, 
2007 and Hull, 1997).  At the present the subfamily Paradoxostomatinae comprises 16 
genera (Schornikov and Keyser, 2004): Acetabulastoma Schornikov, 1970; 
Austroparadoxostoma Hartmann, 1979; Austroparadoxostoma pliocenica Whatley and 
Maybury, 1983; Echinophilus Schornikov, 1973; Echinositus Schornikov, 1973; Obesostoma 
Schornikov, 1993; Paradoxostoma Fischer, 1855 s. s.; Xiphichilus Brady, 1870; Boreostoma 
Schornikov, 1993; Brunneostoma Schornikov, 1993; Obesostoma Schornikov, 1993; 
Paradoxostoma s. l.; Bradystoma Schornikov and Keyser, 2004; Calcarostoma Schornikov 
and Keyser, 2004; Lancestoma Schornikov and Keyser, 2004; Pontostoma Schornikov and 
Keyser, 2004; Triangulostoma Schornikov and Keyser, 2004.  Paradoxostomatinae contains 
various species which have different morphological features as well of their distribution and 
ecology, and this makes the subfamily very interesting to be studied. 
This study will be the first study to understand the main species of living ostracode 
faunas in various seaweeds in the intertidal zone in Indonesia.  The aim of this study are to 
know: 
• The faunal composition of living ostracodes in various seaweeds in the intertidal zone   
• Their adaptation to microhabitats if it exist 
• Biogeographical analysis and characteristics of Indonesian Xestoleberis species 
• Characteristics of Indonesian Paradoxostomatinae species 




2. MATERIALS AND METHODS  
Fifteen species of algae were collected from four localities on two islands, Madura 
Island (Pamekasan and Sumenep) and Bali Island (Tanah Lot and Blue Lagoon).  Figure 1 
shows map of Madura and Bali Islands, Indonesia, showing four sampling sites, two in 
Madura and two in Bali Islands.   
The habitats were classified into three types: 
1. Tall and smooth surface algae in open wavy rocky beach as the physically 
toughest habitat (Figure 2 shows algae from this habitat: Ulva sp., Sargassum 
sp. 1, Grateloupia sp., Galaxaura sp., Padina sp., Nemalion sp., Masthopora 
sp., Chondrus sp., Prionitis sp., Chlorodesmis sp.). 
2. Filamentus algae in open wavy rocky beach (Chondria sp., Bostrychia sp., gen. 
et sp. indet); and Tall and surface algae in embayed sandy muddy bottom with 
coral fragments (Gigartina sp., Sargassum sp. 2).  These are relatively stable 
habitats (Figure 3). 
3. Coral fragments from embayed sandy muddy beach, only used for the 
morphological adaptation in calm and stable habitat. 
Algae were processed by collection in bucket, and washed in seawater before 
sieving with 0.063-1 mm mesh size and collecting and preserving residues.  The residues 
were put it in small bottles and stored in 70% ethanol, and transported to laboratory.  Type of 
beach, pH, and water temperature recorded in the sampling sites were observed in situ (Table 
1). 
In the laboratory, ostracodes were picked up from the residues and grouped under 
binocular microscope using a small syringe.  The ostracodes dissected by hand-made thin 
needle and enclosed in Neoshigaral (mounting medium) on slide-glass in order to observe the 
soft part such as mouthpart, sexual organ, maxillula, mandible, antennae, antennulae, first, 
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second and third thoracic legs.  The soft part were sketched and illustrated.  In order to know 
the morphological adaptation, the bottom dwelling Paradoxostoma species as well as 
Paradoxostoma from phytal fauna (from tall and smooth surface algae and filamentus algae) 
also observed.  Before taking SEM pictures, the specimen were processed to be freeze-dried: 
1. 80% ethanol about 20 minutes 
2. 90% ethanol about 20 minutes 
3. 100% ethanol about 20 minutes 
4. 100% ethanol about 20 minutes 
5. 100% ethanol about 20 minutes 
6. 50% buthanol about 30 minutes 
7. 75% buthanol about 30 minutes 
8. 100% buthanol about 30 minutes 
9. 100% buthanol about 30 minutes 













3. RESULT, DISCUSSION, AND CONCLUSION 
3.1. Faunal Composition of Ostracodes in the Intertidal Zones of Indonesia  
Out of a total of 1264 individuals 21 ostracode species were found (Figure 4).  
Paradoxostomatidae has 10 species and Xestoleberididae has 4 species, and other families 
such as Loxoconchidae, Hemicytheridae and Bairdidae were subordinate.  A few species 
were found abundantly in many algae samples (two families, Paradoxostomatidae and 
Xestoleberididae, were found to be dominant in terms of number of species and abundance in 
the phytal faunas), but many species were rare.   
Table 2 shows the result of the relationship between main ostracode species, algae 
species of their habitats, and the morphological features of the algae.  It is interesting that one 
species of algae generally attached by single dominant species of ostracode.  Figures 5 to 19 
show species composition of the habitats (seaweeds) in the intertidal zones.  The species 
composition of intertidal faunas in Indonesia was influenced by algae species.  Generally the 
different species of algae yield different dominant species of ostracodes.  
There is two types of habitats: 
1. Tall and smooth surface algae in open wavy rocky beach as the toughest habitat. 
Ostracode composition in Ulva sp. (Figure 5), is dominated by Brunneostoma sp. 1 
(88%), followed by Paradoxostoma s. l. sp. 1 (3%), Paradoxostomatinae sp. 1 (3%), 
Hemicytheridea sp. (3%), gen. et sp. indet. 2 (3%).  Figure 6 shows species 
composition in Sargassum sp. 1 dominated by P. s. l. sp. 1 (78.57%), B. sp. 1 
(10.71%), followed by H. sp. (7.1%), Paranesidea sp. (3.57%).  Figure 7 shows 
Grateloupia sp. consist of B. sp. 2 (51.5%), B. sp. 1 (36.4%), P. s. l. sp. 1 (9.1%), 
Paradoxostomatinae sp. 2 (3%).  Species composition in Galaxaura sp. is P. s. l. sp. 1 
(66.7%), Paradoxostomatinae sp. 2 (33.3%) shown in Figure 8.  Figure 9 shows 
species composition Padina sp. consists of 88.9% of P. s. l. sp. 1, 5.6% 
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Paradoxostomatinae sp. 2, and 5.5% H. sp. While Nemalion sp. consists of 
Bradystoma sp. (95%) and P. s. l. sp. 1 (5%) shown in Figure 10.  Figure 11 shows 
species composition in Masthopora sp: Bradystoma sp. (91.7%) and B. sp. 2 (8.3%).  
Futhermore Figure 12 shows species composition in Chondrus sp. is 100% consisting 
of Bradystoma sp.  Figure 13 shows species composition in Prionitis sp.: B. sp. 2 
(90.7%), Bradystoma sp. (4.3%), Paradoxostomatinae sp. 3 (1.4%), 
Paradoxostomatinae sp. 4 (1%), and Schlerochilus sp. (2.5%).  Constitute species 
composition of ostracodes in Chlorodesmis sp. shows in Figure 14: P. s. l. sp. 1 
(43.4%), B. sp. 2 (34.8%), Schlerochilus sp. (13%), and Paradoxosomatinae sp. 3 
(8.8%).  
2. Relatively stable habitat. 
Tall and smooth surface algae from embayed sandy muddy beach: species 
composition in Gigartina sp. is shown in Figure 15: X. spp. (54.2%), B. sp. 3 (17.6%), 
Loxoconcha sp. (9.9%), P. s. l. sp. 2 (7.6%), gen. et sp. indet 1 (4.6%), P. s. l. sp. 1 
(2.3%), gen. et sp. Indet 2 (1.5%), Hemicytherura sp. (1.5%), Paradoxostomatinae sp. 
1 (0.76%).  Figure 16 shows species composition in Sargassum sp. 2: X. spp. (98.6%) 
and H. sp. (1.4%).  While filamentus algae from open wavy rocky beach: Chondria 
sp. dominated by B. sp. 1 (93.6%), followed by P. s. l. sp. 1 (2.8%), 
Paradoxostomatinae sp. 2 (2.1%), H. sp.  (0.7%), and B. sp. 2 (0.7%) shows in Figure 
17.  Figure 18 shows species composition of Bostrychia sp. consisting of P. s. l. sp. 1 
(91. 5%), B. sp. 1 (4.5%), gen. et sp. indet. 2 (1.8%), X. spp. (1%), B. sp. 2 (0.5%), 
Paradoxostomatinae sp. 3 (0.25%), H. sp. (0.25%), Paranesidea sp. (0.25%).  Figure 
19 shows species composition in gen. et sp. indet. algae: X. spp. (97.9%) and 
Paradoxostomatinae sp. 3 (2.1%).   
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It is interesting that preference of the ostracode species to their microhabitats were 
clearly recognized: on the toughest habitat tall and smooth surface algae from open wavy 
beach the prominent species are Brunneostoma sp. 2 and Bradystoma sp. (those both are 
Paradoxostomatinae) while on relatively stable habitat: filamentus algae from open wavy 
beach the prominent species are dominated by Brunneostoma sp. 1 and Paradoxostoma s. l. 
sp. 1, and Xestoleberis spp., and tall and smooth surface algae from embayed sandy muddy 
beach the prominent species are Xestoleberis spp.   
 
Discussion in Faunal Composition of Ostracodes in the Intertidal Zones of Indonesia 
At generic level, faunal composition of ostracodes in this study is similar to the 
study in California-United States (Frame et. al., 2007), and in Britain reported by Hull (1997) 
and Horne (1982).  Frame et al. (2007) reported Xestoleberis, Paradoxostoma, Cythere, and 
Hemicythere to be dominant species found in the rocky beach California, United States.  The 
result of work by Hull (1997) also supported the result of present study.  Hull (1997) 
mentioned that Paradoxostoma species is the most abundant species in the phytal fauna in 
Britain. Horne (1982) also reported that Paradoxostoma is the most abundant species in 
Coralina sp. in the intertidal zone.  
There seems to be a tendency that particular ostracode species were mostly found 
from particular algae species.  Hull (1997) reported that difference in algae yields different 
species composition. Based on the reliable data (notation without parenthesis in Table 3) 
Paradostomatidae species were classified into two groups.  One is the species mainly living in 
bushy filamentus algae.   They are Brunneostoma sp. 1 in Chondria sp. and Paradoxostoma 
s. l. sp. 1 in Bostrychia sp.  The other is the species that are found from tall and smooth-
surface algae.  They are B. sp. 2 on Prionitis sp. and Bradystoma sp. on Mastophora sp, 
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Chondrus sp. and Prionitis sp.  Xestoleberis spp. was found from both tall and smooth 
surface algae (in embayed beach) and filamentus algae (in open beach).   
The result of present study indicated that the tall and smooth surface algae in open 
wavy rocky beach was dominated by only Paradoxostomatinae.  The result was supported by 
the British work by Hull (1998).  The ratio of Paradoxostoma variabile and Paradoxostoma 
bradyi are both high in exposed beach, than sheltered beach. 
 
Conclusion in Faunal Composition of Ostracodes in the Intertidal Zones of Indonesia 
1. Indonesian intertidal phytal ostracode faunas are dominated by two taxa: 
Paradoxostomatinae and Xestoleberis. 
2.  Physically the thoughest habitat (tall and smooth surface algae in open wavy beach) 
have Bradystoma sp. and Brunneostoma sp. 2 as prominent species (all of them are 
Paradoxostomatinae). 
3.  Relatively stable habitat (filamentus algae in open wavy beach/tall and smooth surface 
algae in embayed beach) have Xestoleberis spp., Brunneostoma sp. 1 and 
Paradoxostoma s. l. sp. 1 as prominent species. 










3.2. Morphological Adaptations of  Paradoxostomatinae to Microhabitats 
The relationships between Paradoxostomatinae species, type of the main habitat of 
algae, diameter of the ostracode fused mouthpart (suctorial disk for Paradoxostomatinae) and 
the shape of the claw at the tip of walking legs are shown in Table 4.  Figure 20 shows the 
species attach to tall and smooth surface algae have larger mouth diameter (61 µm for 
Brunneostoma sp. 2 and 72 µm for Bradystoma sp.) than that of the species live between/on 
the filamentus algae (17 µm for P. s. l. sp. 1 and 50 µm for B. sp. 1) and species from coral 
fragments (19 µm for Paradoxostoma japonicum and 23 µm for Paradoxostoma sarniense).  
When observing the lateral view of living ostracode carapace, the mouthpart of 
Paradoxostomatinae is seen to come out of carapace, unlike other ostracodes such as 
Xestoleberis.  Figure 21 shows the morphology of suckerpart of mouth of 
Paradoxostomatinae and Xestoleberis.  The mouthpart of Paradoxostomatinae is longer than 
Xestoleberis on the lateral position.  From the ventral view, the mouth part of 
Paradoxostomatinae is a circle shaped because the lower lip and the upper lip are fused 
together.  The tip of coxa of Paradoxostomatinae protudes the sectorial disk.  Figure 22 
shows the coxa of the mandible of the species from tall and surface algae is longer than the 
species which inhabit filamentus algae and coral fragments.  Another functional morphology 
was found on the tip of the third thoracic leg is shown for six Paradoxostomatinae species in 
Figure 23 (illustrations).  Species on the algae have robust claws (in the upper figure), while 
the species on the coral fragments have the tip thinning out (in the lower figure), and 
observation of the tip of third thoracic legs under SEM shows the result clearer on Figure 24.  





Discussions in Morphological Adaptations of Paradoxostomatinae to Microhabitats 
Paradoxostomatidae is the only ostracode taxon whose upper lip and lower lip are 
fused to be a suctorial disk and its function is supposed to be piercing and/or sucking 
(Athersuch et al., 1989).  The observation in the laboratory confirmed that Japanese living 
Paradoxotomatidae species used their mouthpart as a sucker to stick to the bottom of petri-
dish as if they try to avoid being detached from the bottom when suck them by syringe.  
Therefore the size of mouthpart could be a good standard of the ability to stick to the surface 
of seaweeds.  The ability of mouthpart as a sucker will depend on size of the area of 
mouthpart.  Therefore the difference of diameter between 17 µm, 50 µm, 61 µm, 72 µm, 19 
µm, and 23 µm turned to be ca. 227 µm2, 1963 µm2, 2921 µm2, 4069 µm2, 283 µm2, and 415 
µm2 of the difference of areas, if we calculated them as simple circles.  This will provide the 
large difference of ability to stick to the surface of seaweeds.  It seems apparent that 
Paradoxostomatinae species that live on tall and slippery smooth surface algae developed the 
special large mouth as suckers to hold themselves on the algae.  This adaptive strategy is 
further well shown by the fact that Brunneostoma sp. 2, living on the tall and smooth surface 
algae, has developed a large mouth part (2921 µm2) while congeneric B. sp. 1 living on/in the 
filamentus algae has smaller mouthpart (1963 µm2).  Meanwhile, Xestoleberis spp. whose 
mouthpart are not fused to be a sucker, seem to develop the robust claw at the tip of the three 
pairs of walking legs to hook themselves on the seaweeds.  The fact that the Xestoleberis 
species mainly live in not the typical wavy beach but the relatively embayed environments 
will make the modification of the claw enough device to stick themselves to habitats.   
Kamiya (1988) reported that ostracode Loxoconcha japonica that lives on seagrass 
Zoostera marina has robust hooked claw at the tip of the walking legs in order to attach to the 
tall seaweed whereas the congeneric L. uranouchiensis, living on the sandy bottom, have thin 
claw.  The present study newly showed that various strategies exist even within the phylal 
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mode of life; to live on/between algae under wavy physical conditions, ostracodes require 
special adaptations.  Basically only Paradoxostomatinae have been successful to live on such 
tough habitat after fusing the upper and lower lip into a suctorial disk, a sucker.  Out of the 
Paradoxostomatinae species, only the species with extraordinarily large sucker are able to 
live on the tall and smooth surface algae, physically the toughest habitat.  The tip of coxa of 
Paradoxostomatinae protudes the suctorial disk.  The length of coxa is longer for the species 
living on tall and smooth surface algae than for the species on filamentus algae and coral 
fragments.  The result will support the fact that the species required to strongly stick to the 
seaweed surface have to put the mouth part outside of the carapace. 
 
Conclusion in Morphological Adaptations of Paradoxostomatinae to Microhabitats 
It required a special device for ostracodes to live on seaweeds on the open wavy 
beach not to be pulled apart from the habitat.  The subfamily Paradoxostomatinae has 
succeeded in living on the busy, filamentus algae on the open beach by modifying the 
mouthpart to be a sucker.  The suction-cup-like mouthpart of Paradoxostomatinae enables it 
to survive in the open wavy beach.  The combination of robust claws and large mouthparts 
enable species to inhabit the tall and smooth surface algae.  Some species of the subfamily 
further succeeded in living on the tall and smooth surface algae, the toughest habitats for 
ostracodes, for the first time to enlarge the mouthpart to be a strong sucker.  The result of the 
present study gives one of the great examples of evolution and adaptation of intertidal 
ostracodes to microhabitats. 
The first analysis of relationship between habitat of Paradoxostomatinae and 
morphology revealed that: 
• The suction-cup-like mouthpart of Paradoxostomatinae enables it to survive in the 
tough habitats.  
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• The combination of robust claws, and large mouthparts enable species to inhabit the 

























3.3. Description of  Xestoleberis Species and Zoogeographical Analysis  
3.3.1. Description of Xestoleberis Species 
The systematic descriptions: 
Order: Podocopida Sars, 1866 
Superfamily: Cytheroidea Baird, 1850 
Family: Xestoleberididae Sars, 1928 
Genus: Xestoleberis Sars, 1866 
Xestoleberis sp.1 (specimen no. Ind. 0001, Figures 26-27).  
Diagnosis: carapace rounded elongated, dorsal margin pointed in the middle of 
posterior and anterior, ventral margin weakly sinuous in the middle of posterior and anterior, 
anterior is more narrow than posterior. 
Occurrence: Pamekasan and Sumenep from Madura Island-Indonesia in embayed 
sandy muddy coral beach.  This species inhabits Gigartina sp. and Sargassum sp. 2. 
Xestoleberis sp. 1 has two types of pore systems: sieve type (a bristle protruding 
from the center of blind sieve shaped pore) and lip type (a bristle protruding from a pore 
surrounded by a raised lip).  Both the sieve pore and the lip pore are scattered on the 
carapace, however the lip pores are not situated near the ventral margin.  
The hingement of species of X. sp. 1 is merodont type, there are five dorsal muscle 
scars and two frontal muscle scars in a vertical row, muscle scar of the most upper side of 
frontal muscle scar is Y type but the distance between right and left side of Y type is very 
narrow.  This character which distinguish X. sp. 1 and X. sp. 2. 
The antennula has six podomeres: first podomere is unarmed, second podomere has 
one seta in ventral side, third podomere has one dorsal seta, fourth and fifth have two dorsal 
setae and one ventral seta, the last podomere has four setae in the terminal. 
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The antenna has four podomeres.  First trapezoid is unarmed, second is rectangular 
with one seta in the ventral podomere (and one in the middle of apical and distal ends of 
dorsal side).  The third podomere has three setae on the ventral side (two in the middle of 
proximal and distal ends, one on the distal end of podomere, and some rudimentary) and two 
setae on the dorsal side and one very short seta.  The fourth podomere has one ventral seta.  
There is two chelate setae in the terminal distal bears two chelate setae (as a claw).  The 
exopodite has two podomere. 
The mandible consists of the coxa and palp.  The coxa has teeth on the distal end 
and one very shorth seta.  The palp has four podomeres: first bearing exopodite (consists of 
two setae) and one very short seta, second bearing two long setae and two medium setae on 
the ventral side and one long seta in dorsal side, third has four long setae on dorsal side and 
three setae on the ventral side, the last podomere has two setae.  
The maxillula: branchial plate has 16 setae and one reflexes seta.  The palp has two 
podomeres, first podomere has four setae and second podomere has four setae.  There are 
three endites (each has four setae). 
The first thoracic leg has four podomeres: first podomere has one seta in the middle 
of proximal and distal ends on ventral side and four dorsal setae (two setae on the distal end 
of podomere and two setae in the middle of proximal and distal ends).  Second podomere has 
one dorsal seta, third and fourth podomere are unarmed, a claw is present in the distal end of 
podomere. 
The second thoracic leg contains of four podomeres.  The first has two setae in the 
middle of proximal and distal ends of dorsal side, one seta at the distal end of dorsal side and 
one in ventral side, second has one seta in end of dorsal side, the third and the fourth are 
unarmed and have a claw on the terminal of the last podomere. 
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The third thoracic leg consists of four podomeres: the first podomere has two setae 
in the middle of proximal and distal ends on dorsal side and one seta at the distal end of 
podomere, one seta on the ventral side; the second podomere has one seta on dorsal side, the 
third and fourth are unarmed with a claw on the terminal distal. 
The male copulatory organ capsule subquadrate, tip of distal lobe of right side is 
rounded but the left side is pointed.  The male capsule sexual organ of X. sp. 1 is more 
rectangular than capsule male sexual organ of Xestoleberis sp. 2.  The ejaculatory duct form a 
loop, followed by coils, before protuding outside. 
 
Xestoleberis sp. 2 (specimen no. Ind. 0050, Figures 28-29). 
Diagnosis: carapace rounded elongated, dorsal margin pointed in the middle of 
posterior and anterior, ventral margin weakly sinuous in the middle of posterior and anterior, 
anterior is more narrow than posterior.  The anterior side of X. sp. 2 is larger than anterior of 
X. sp. 1. 
Occurrence: Sumenep from Madura Island-Indonesia in embayed sandy muddy 
coral beach.  This species inhabits Sargassum sp. 2. 
Xestoleberis sp. 2 has two types of pore systems: sieve type and lip type.   
The hingement of species of X. sp. 1 is merodont type, there are five dorsal and two 
frontal muscle scars in a vertical row, muscle scar of the most upper side of frontal muscle 
scar is Y type but the distance between right and left side of Y type is very wider than X. sp. 
1.  
The antennula has six podomeres: the first is unarmed, the second podomere has 
some rudimentary in the middle of proximal and distal ends of dorsal side, and one ventral 
seta at the distal end of podomere, the third with one dorsal seta, the fourth has two dorsal 
setae (the length is almost similar) and one ventral seta (shorter than the dorsal seta), the fifth 
has two setae on the dorsal and one on the ventral side, and the last podomere has four setae.  
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The antenna consists of four podomeres.  The first is trapezoidal and unarmed.  The 
second podomere is rectangular with one seta on the ventral side.  The third is rectangular 
and elongated with two setae in the middle of proximal and distal ends ventral side, two 
medium setae in the middle of proximal and distal ends of the dorsal side, and one seta at the 
distal end of the ventral side.  The last podomere is very small and one seta in the last 
podomere in ventral side.  The claws bearing in the last podomere.  The exopodite consist of 
two podomeres. 
The mandible consists of the coxa and the palp.  The coxa has teeth on the distal end 
and one seta.  The palp has four podomeres: the first bearing the exopodite (consists of 
plumose setae and one short seta), the second bearing two long setae and two medium setae 
on the ventral side and one long seta on the dorsal side, the third has four long setae on the 
dorsal side and one long and one short seta in the ventral side, the last podomere has two 
claws.  
The maxillula branchial plate has 16 setae and one reflexes seta.  The palp has two 
podomere, the first podomere has four setae and second podomere has one long seta and three 
short setae.  There is three endites (first and second have four sets of setae, the last has five 
setae). 
The first thoracic leg has four podomeres: the first has one seta on the ventral side, 
two setae at the end of the dorsal distal end and two setae in the middle of proximal and distal 
ends, the second consists of one seta on the dorsal side, the third and the fourth are unarmed, 
and the fourth has a claw. 
The second thoracic leg has four podomeres: the first has three setae on the dorsal 
side (two in the middle of proximal and distal ends and one at the distal end) and one seta on 
the ventral side, the second has one seta on dorsal side, the third and the fourth are unarmed, 
and there is a claw on the terminal of the last podomere.   
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The third thoracic leg has four podomeres.  The first podomere has one seta in the 
ventral side, two setae in the middle of proximal and distal ends and one seta at the distal end 
of the dorsal side.  The second podomere has one seta at the distal end of the dorsal side, the 
third and the fourth are unarmed, and there is a claw in the terminal of the last podomere.  
The capsule of male copalatory duct is elongated (this characteristic distinguished 
characteristic of X. sp. 2 from X. sp. 1), the tip of distal lobe in the right side is rounded but 
the left side is pointed.  The ejaculatory duct is inside the capsule of X. sp. 1.  The ejaculatory 
duct form a loop, followed by coils, before protuding outside. 
 
Xestoleberis sp. 3 (specimen no. Ind. 0100, Figures 30-31). 
Diagnosis: carapace rounded elongated, dorsal margin pointed in the middle of 
posterior and anterior, ventral margin weakly sinuous in the middle of posterior and anterior, 
anterior and posterior almost the same widht. 
Occurrence: Blue Lagoon from Bali Island-Indonesia.  The characteristic of 
environment is open wavy rocky beach.  This species inhabits gen. et sp. indet. sp which is 
typically filamentus algae. 
Xestoleberis sp. 3 has two types of pore systems: sieve type and lip type.  Both the 
sieve pore and the lip pore are scattered on the carapace, however the lip pores are not 
situated near the ventral margin.  
The hingement of species of X. sp. 3 is merodont type, there are five dorsal and two 
frontal muscle scars in a vertical row, muscle scars of the most upper side of frontal muscle 
scar is Y type but the distance between right and left side of Y type is wide.  
The antenulla has six podomeres.  The first podomere is unarmed.  The second 
podomere has some rudimentary on the dorsal distal side, and one seta at the distal end of the 
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ventral side.  The third podomere has one dorsal seta at the distal end.  The fourth and fifth 
podomere have one ventral seta and two dorsal setae.  The last podomere bears four setae. 
The antenna has exopodite and endopodite.  The exopodite has two podomeres.  The 
endopodite has four podomeres.  The first is unarmed.  The second podomere has one ventral  
seta.  The third has two setae in the middle of proximal and distal ends of dorsal side, two 
setae in the middle of proximal and distal ends of the ventral side and one seta in the end of 
podomere.  The fourth has one ventral seta, and bears two claws. 
The mandible consist of the coxa and the palp.  The coxa has some teeth at the end 
of distal and one seta.  The palp has four podomeres.  The first podomere has exopodite and 
at the end of the ventral side has one seta.  The second podomere has one dorsal seta and four 
ventral setae.  The third podomere has four dorsal setae and two ventral setae.  The last 
podomere bears two setae and a claw. 
The maxillula has 17 plumose setae and one reflexed seta.  The palp has two 
podomeres.  The first podomere bears four setae at the distal end of the dorsal side.  It has 
three endites. 
All thoracic legs have four podomeres and a claw bears at the distal end of 
podomere.  The first podomere has two dorsal setae in the middle of proximal and distal ends 
and one seta at the distal end of podomere (but for the first thoracic leg, it has two setae), also 
it has one ventral seta.  The second podomere has one dorsal seta at the distal end of 
podomere.  The third and fourth are unarmed. 
The capsule of male copulatory organ is subquadrate.  Distal lobe has spine in the 





Xestoleberis sp. 4 (specimen no. Ind. 0150, Figures 32-33). 
Diagnosis: carapace rounded, dorsal margin pointed in the middle of posterior and 
anterior, ventral margin weakly sinuous in the middle of posterior and anterior, anterior and 
posterior almost the same widht. 
Occurrence: Blue Lagoon from Bali Island-Indonesia.  The characteristic of 
environment is open wavy rocky beach.  This species inhabits gen. et sp. indet. sp. which is 
typicaly filamentus algae. 
Xestoleberis sp. 4 has one type of pore systems: sieve type.   
The hingement of species of X. sp. 4 is merodont type, there are five dorsal and two 
frontal muscle scars in a vertical row, muscle scar of the most upper side of frontal muscle 
scar is U type . 
The antenulla has six podomeres.  The first podomere is unarmed.  The second 
podomere has some rudimentary on the dorsal distal side, and one seta at the distal end of the 
ventral side.  The third podomere has one dorsal seta at the distal end.  The fourth and fifth 
podomere have one ventral seta and two dorsal setae.  The last podomere bears four setae. 
The antenna has exopodite and endopodite.  The exopodite has two podomeres.  The 
endopodite has four podomeres.  The first is unarmed.  The second podomere has one ventral 
seta.  The third in the middle of proximal and distal of the dorsal side has two setae,   and two 
setae in the middle of proximal and distal of the ventral side and one seta at the distal end.  
The fourth podomere has one ventral seta, and bears two claws. 
The mandible contain of the coxa and the palp.  The coxa has teeth at the distal end 
and one seta. The palp has four podomeres.  The first podomere has two ventral setae and on 
the dorsal side has palp.  The second podomere has three ventral setae and one dorsal seta.  
The third has five setae on the dorsal side and one ventral seta.  The fourth has a claw and 
two setae. 
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The maxillula has 17 setae and one reflexed seta.  It has one palp and three endites.  
The first podomere of palp has four setae.  
All thoracic legs has four podomeres and a claw bears in the end of podomere.  The 
first podomere has two dorsal setae in the middle of proximal and distal ends and one seta at 
the distal end of podomere (but for first thoracic leg has two setae), also has one ventral seta.  
The second podomere has one dorsal seta at the distal end of podomere.  The third is 
unarmed.  There is a claw bearings in the end of podomere. 
The capsule male copulatory organ is rounded elongated.  Right side of distal lobe is 
rounded, while the left side is little pointed.   The ejaculatory duct protuding inside the lobe. 
 
Discussions in Description of Xestoleberis Species 
The most important characteristics, they are: DDP (Differentiation Distributional 
pattern of Pore-system), carapace shape, frontal muscle scar shape, the number of setae of the 
third podomere of the mandibular palp, shape and position of the ejaculatory duct are few 
characteristics that classify ostracode into groups (Sato and Kamiya, 2007).  The morphology 
of pore systems was used to subdivide the species in to three groups: Group A (sieve and lip 
types), Group B (sieve type), and Group C (sieve and simple types).  The carapace shape of 
Group A is generally laterally elongated, Group B is rounded, and Group C is rounded and 
taped on the ventral margin.  The third podomere of the mandibular palp of Group A is four, 
Group B is six, Group C is two.  The tip of the ejaculatory duct of the group are follows: 
Group A (Xestoleberis hanaii Group, on the lobe towards the outside, for the X. dentata 
Group, the lobe tube protruding outside, and for the X. setouchiensis Group,  the lobe toward 
to distal), Group B is on the lobe and towards the inside, and Group C is protruded towards 
the inside.  Based on these characteristics, X. sp. 1,  X. sp. 2, X. sp. 3 species of Indonesian 
Xestoleberis belong to Group A while X. sp. 4 belong to Group B.  The  morphology of the 
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uppermost muscle scar (Y type) and the number of setae of the maxillular palp (four setae on 
the first podomere) indicate that X. sp. 1, X. sp. 2, X. sp. 3 belong to Group A, but X. sp. 4 
belong to Group B because the muscle scar is U type.  In comparison with the other 
Xestoleberis species, the distribution of pore system and the morphology of the male sexual 
organ of Indonesian Xestoleberis is not matching to any species of Xestoleberis.  
There are four species of Xestoleberis from the European waters (X. nitida, X. 
labiata, X. rubens, X. aurantia) reported by Athersuch et al., (1989) that to belong to Group 
A (Xestoleberis dentata Group).  The male copulatory shape and carapace shape for these 
species differ from the Indonesian species (X. sp. 1 and X. sp. 2).  The ejaculatory duct of the 
Indonesian species is more complex and grooved than Xestoleberis species from the 
European waters.  The distal lobe of the male copulatory organ of X. sp. 1 and X. sp. 2 are 
pointed in comparison with the European species which are more rounded.  The concave 
carapace shape of Indonesian species is also more pronounced than X. nitida.  
Two Japanese Xestoleberis reported belong to Group A by Sato (2008).  X. ikeyai 
which belongs to the X. dentata Group, in comparison with Indonesian species, is more 
elongated, while X. sp. 1 and X. sp. 2 are more pointed than X. ikeyai.  The ejaculatory duct of 
X. ikeyai is coiled, while that of the Indonesian species is more complicated (looped and 
longer).  One of distal lobe (from a couple of male sexual organ) of  X. sp. 1 and X. sp. 2 
more pointed than X. ikeyai.  The outer clasping apparatus of X. ikeyai is clearer than 
Indonesian species (X. sp. 1 and X. sp. 2).   X. dentata from Japan also described by Sato and 
Kamiya (2007), has a looped and coiled ejaculatory duct, similar to X. sp. 1 and X. sp. 2. 
However, the looping pattern is different.  The ejaculatory duct of X. dentata forms a double 
loop, as compared to the Indonesian Xestoleberis (X. sp. 1 and X. sp. 2). 
There are three species American Xestoleberis that to belong to Xestoleberis dentata 
Group.  X. hopkinsi from California has a different muscle scar with X. sp. 1 and X. sp. 2.  
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The Y shape is clearer than X. sp. 1 and X. sp. 2, and the carapace shape of X. sp. 1 and X. sp. 
2 are more pointed than that of X. hopkinsi (Cohen et al., 2007).  Hartmann (1991) reported  
that the  carapace shape of X. hawaiiensis is more elongated and the anterior and the posterior 
is  more broadly rounded than X. sp. 1 and X. sp. 2.  Since the X. sp. 1 and X. sp. 2 concaves 
near the anterior, the ventral margin of X. hawaiiensis straighter than X. sp. 1 and X. sp. 2.  
The ejaculatory duct of the X. sp. 1 and X. sp. 2 are longer and more complicated than X. 
hopkinsi, X. hawaiensis, and X. mixohalina (Keyser, 1975). 
Quanhong and Whatley (1989) reported that carapace shape of X. malaysiana is 
more obliquely rounded and pointed in the upper posterior side when compared with the  X. 
sp. 1 and X. sp. 2.   X. variegata from Palk Bay, Rameswaram, Southeast Coast of India has a 
straight ventral margin and a weak punctuation on the surface (Sridhar et. al., 2002). 
According to Hartmann (1981), male sexual organ of X. yambaensis from Australia 
is similar to X. sp. 1 and X. sp. 2 (Figure 34). The morphology of muscle scar of X. 
yambaensis is slightly different from that  X. sp. 1 and X. sp. 2, the morphology of copulatory 
organ is identical, and X. sp. 1 should be identified as X. yambaensis.  The carapace of X. sp. 
1 and X. sp. 2 are more rounded than X. yambaensis.  The capsule of X. sp. 2 is more oval, 
and the Y type of muscle scar is wider than X. yambaensis and X. sp. 1, and this is clearly a 
different species. 
Hartmann (1979) describes Austalian Xestoleberis: X. angustimarginata, X. 
quasirotunda, X. posidonicola, X. nemusprevelliensis which has similar carapace shape as X. 
sp. 1 and X. sp. 2.  However the morphology of muscle scars in the Australian and X. sp. 1 
and X. sp. 2 differ.  The  Australian species generally have only four rows of muscle scars, 
(except  X. angustimarginata has five),  as compared to the X. sp. 1 and X. sp. 2 which have 
five.  Futhermore only X. quasirotunda,  X. posidonicola have U-shaped frontal muscle scar. 
Another difference among the Australian and X. sp. 1 and X. sp. 2 is the shape of male sexual 
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organ.  Their distal lobe of Australian species are more blunted and rounded than Indonesian 
species.  The details of the ejaculatory duct also differes with Indonesian species, because 
Australian species have no looped. 
Hartmann (1978) describes ostracods from the tropical and subtropical parts of the 
West Australian Coast. X. kalbarriensis, X. geraldtonensis have coiled ejaculatory duct, 
however the shape of  ejaculatory duct, capsule and shape of distal process of male sexual 
organ are different as compared to X. sp. 1 and X. sp. 2 Indonesian species.  In addition, the 
first podomere of thoracic legs of the Australian species has three dorsal setae, while X. sp. 1 
and X. sp. 2 only has two.  
Hartmann, (1980) describes species of water temperate, subtropic to tropic from 
Australia.  The Y-shaped frontal muscle scar of  X. limbata is similar as these X. sp. 1 and X. 
sp. 2.  However, X. limbata has four dorsal muscle scars as compared to the X. sp. 1 and X. 
sp. 2 Indonesian spesies which have five.  Another distinguishing feature is the morphology 
of male copulatory organ.  The shape of capsule, distal lobe, and the ejaculatory duct are 
different.  X. bahialauraensis has a U-shaped frontal muscle scar, and similar carapace shape 
as the X. sp. 1 and X. sp. 2  Indonesian species, however the shape of the copulatory organ is 
different.  X. cedunaensis also has distinguishing characteristics when compared with X. sp. 1 
and X. sp. 2;  present of four frontal muscle scars, the carapace shape is more rounded and  
the shape of ejaculatory duct is different.  X. portaugustensis has a U-shaped frontal muscle 
scar, the shape of carapace and morphology of male copulatory organ are different in 
comparison with X. sp. 1 and X. sp. 2 Indonesian species. 
Japanese Group A (Xestoleberis hanaii Group) Xestoleberis species which is 
reported by Sato (2008), in comparison with X. sp. 3 of Indonesian species, the capsule of 
male sexual organ is more rounded, while X. sp. 3 is more quadrat-shaped.  The shape of 
distal lobe of Japanese species is wider and more blunted, while  X. sp. 3 is pointed and there 
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is present a spine in the tip of distal lobe.  However the Group A (Xestoleberis hanaii Group) 
Australian Xestoleberis: X. porthedlandesis (Hartmann, 1980) and X. puntaperonensis 
(Hartmann, 1979), their distal lobe have no spine in the tip of male sexual organ. 
Japanese Group B Xestoleberis species: X. magnoculus and X. kuroshio (Sato and 
Kamiya, 2007), in contrast with X. sp. 4 of Indonesian species, the capsule is more elongated 
and narrow, while X. sp. 4 of Indonesian species is blunted and wider.  Austalian Xestoleberis 
(X. tantabiddycireekencis reported by Hartmann, 1979), the capsule is more blunted than X. 
sp. 4.  While African Xestoleberis  (X. maculata reported by Hartmann, 1974), the capsule is 
more quadrat-shaped than X. sp. 4 of Indonesian species. 
 
Conclusion in Description of Xestoleberis Species 
• X. sp 1: X. yambaensis, belong to Group A (X. dentata Group) 
• X. sp. 2:  similar to X. yambaensis, should be describe as a new species 
• X. sp. 1 has different distibution of pore with X. sp. 2 
• X. sp. 3: belong to Group A (X. hanaii Group), ejaculatory duct in the lobe but 
protuding outside, should be describe as a new species 
• X. sp. 4: belong to Group B, hemipenis on the lobe protuding inside, should be 
describe as a new species 
 
3.3.2. Zoographical Analysis of Xestoleberis species, Discussion, and Conclusion 
Xestoleberis dentata Group distributed all over the world.  Based on the 
morphology of male copulatory organ, the phylogenetic relationship can be infered (Figure 
35).  Xestoleberis sp. 1 from Indonesia and X. sp. 2 has asymmetric distal lobe, and this 
characteristic can be seen only in area of Australian and Ryukyu Island species.  Distal lobe 
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of other species is symetry (Figure 36).  When the ejaculatory duct was observed, there is two 
types shown in Figure 37: 
1. The loop type is only seen for Indonesia Xestoleberis sp. 1 and X. sp. 2, and 
Australian yambaensis  
2. The coil type is seen for all others species 
Then capsule shape was observed and it was grouped into three groups (Figure 38): 
1. Edge type is shown in X. nitida, X. labiata, X. xaixaiensis, X. ikeyai, X. dentata, X. 
hawaiensis 
2. Round type is shown in X. aurantia, X. rubens, X. sp. 1 from Ryukyu Island, X. 
yambaensis, X. sp. 8 from Hawai 
3. Intermediate type is shown in X. pellucida, X. mixohalina, X. hopkinsi, X. aff. 
hopkinsi, X. sp. 1 and X. sp. 2 from Indonesia 
Table 5 shows the result of comparison of distal lobe, ejaculatory duct, and capsule 
of Xestoleberis dentata Group.  Indonesian X. sp. 1 and X. sp. 2 have close relationship with 
X. yambaensis based on the shape of distal lobe and ejaculatory duct. 
Figure 39 shows distribution of X. hanaii Group in the world.  From the male 
copulatory organ, X. sp. 3 is undescribed species shown in Figure 40.  Japanese species X. 
hanaii have thick (wide) distal lobe and round capsule.  While species which elongate distal 
lobe and triangle/round capsule shown in X. sesokoensis, X. sp 11’ from Ryukyu Island, X. 
sp. 2 from Philippine, X. porthedlandensis, X. puntaperonensis, from Australia, and X. sp. 5 
from Hawai.  Xestoleberis sp. 11 from Japan has thick distal lobe and triangle capsule.  
Indonesian has unique characteristics such as elongated distal lobe and quadrate capsule.  
Table 6 shows comparison characters of capsule, distal lobe, and ejaculatory duct of X. hanaii 
Group.   X. sp. 3 is unique. 
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Figure 41 shows the distribution of Xestoleberis B Group, from the male copulatory 
organ, X. sp. 4 is undescribed species.  While Figure 42 shows X. sp. 4 has rhomboide 
capsule similar to Japanese Xestoleberis species. On other hand, X. maculata from Africa, 
Australian X. tantabiddycreekensis, and X. cauticola has quadrate capsule, and X. sp. 3 from 
Philippine has triangle capsule. Table 7 shows the Indonesian X. sp. 4 is closely related to 
Oriental, especially Japanese species. 
 
Conclussion Description of Xestoleberis Species 
Four Indonesian Xestoleberis species: 
- X. sp. 1 and X. sp. 2 (Australian element) 
- X. sp. 3 (unique species) 
- X. sp. 4 (Oriental element) 
As expected, Indonesian species have complicated background, mixture of 













3.4. Characteristics of Paradoxostomatinae Species 
 
The systemic decriptions: 
Order: Podocopida Sars, 1866 
Family: Paradoxostomatidae Brady and Norman, 1889 
Subfamily: Paradoxostomatinae Brady and Norman, 1889; emend Schornikov, 
1993 
Genus: Brunneostoma Schornikov, 1993 
Brunneostoma sp. 1 (specimen no. Ind. 0193, Figures 43-44). 
Diagnosis: carapace elongated, dorsal margin pointed in the middle of posterior and 
anterior, ventral margin flatened, posterior is wider than anterior. 
Occurrence: Tanah Lot from Bali Island-Indonesia.  The characteristic of 
environment is open wavy rocky beach.  This species inhabits Ulva sp., Sargassum sp., 
Grateloupia sp., which is typicaly tall and smooth surface algae and also inhabit in filamentus 
algae such as Chondria sp. and Bostrychia sp. 
Brunneostoma sp. 1 has two types of pore systems: lip pore and simple pore.  
The antennula with six rectangular elongated podomeres.  Third podomere has one 
seta at the end of dorsal side.  The fourth and the fifth have two setae on the dorsal side and 
one on the ventral side.  The last podomere bears four setae. 
The antenna contains the endopodite which consists of five podomeres; the first 
podomere is trapezoid elongated without any setae.  The second, third, fourth and fifth 
podomere are trapezoid with one seta in the ventral end.  The fourth podomere has one dorsal 
seta in the middle of proximal distal ends.  The fifth podomere is the shortest and has a claw 
at the distal end.  The  exopodite contains three podomeres. 
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The mandible has a straight long coxa and no setae coxa.  The palp has three 
podomeres; the first podomere bearing one seta in dorsal side and at the end of last podomere 
which bearings six setae.  
The maxillula contains the branchial plate bearing 15 plumose setae.  There is one 
reflexed seta with two setae.  No palp with three endites.  The first endite is short with two 
setae, the second and third endites are the same length (the second has five setae, while the 
third has six setae).  
The first thoracic leg consists of four podomeres.  The first podomere is elongated 
and has two setae, one seta is located in the middle of proximal and distal ends, and the other 
one is at the end of podomere.  The second podomere is elongated and thinner than the first 
podomere, and has one short seta at the end of dorsal side.  The third podomere is rectangular 
and elongated.  The last podomere is rectangular elongated, unarmed and on the terminal 
bearing a claw. 
The second thoracic leg has four podomeres.  The first is elongated and has one seta 
at the end of the podomere and one seta in the middle proximal and distal ends.  The second 
podomere is elongated and has one seta at the end of podomere.  The third and fourth 
podomere are rectangular, elongated, and unarmed.  A claw is located at the terminal of the 
last podomere. 
The third thoracic leg has four podomeres.  The first, elongated and very thin 
containing one seta on the dorsal side at the end of podomere.  The second podomere is 
elongated, thin and have one seta on the dorsal side and one very short seta on the ventral 
side towards the end of the podomere.  The setae on the dorsal side is longer than the one on 
the ventral side.  The third podomere is rectangular and unarmed, elongated and shorter than 
the second podomere.  The fourth podomere is rectangular, elongated, and unarmed and a 
claw at the terminal of the fourth podomere. 
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The capsule of male copulatory organ is semicircle with distal lobe is tapering 
outside.  Outher clasping organ also tapering outside.  The ejaculatory duct meandering in the 
margin of capsule, and roll up outside. 
 
Brunneostoma sp. 2 (specimen no. Ind. 0387, Figures 45-46). 
Diagnosis: carapace elongated, dorsal margin almost flatened, ventral margin 
flatened, anterior and posterior almost the same widht. 
Occurence: Tanah Lot and Blue Lagoon from Bali Island-Indonesia.  The 
charactereristic of environment is open wavy rocky beach.  This species inhabits Grateloupia 
sp., Masthopora sp., Prionitis sp., Chlorodesmis sp., which is typicaly tall and smooth 
surface algae and from filamentus algae (but very few number individuals) are Chondria sp., 
and Bostrychia sp. 
Brunneostoma sp. 2 has two types pore systems: lip and simple type.   
The antennula has six podomeres, the first and second are unarmed, the third has 
one seta on the dorsal part, the fourth and fith have two dorsal setae and one ventral seta, the 
last podomere bears four setae. 
The antenna consists of the exopodite and the endopodite.  The exopodite has three 
podomeres and the endopodite has five.  The first is unarmed and the second to the last 
podomere have one seta on the ventral side (except the fourth podomere also has one very 
short seta in the dorsal side), and a claw bearing on the last podomere. 
The mandible consists of a long coxa and a palp; the first podomere of the palp has 
one seta.  The last podomere bears six setae. 
The maxillula has no palp.  The number of plumose setae is 15, the vibratory plate 
has two setae, there is three endites (the first endite is the shortest with one is shorter than the 
other, the second endite has five setae, and the third endite has six setae). 
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The first, second, and third thoracic legs have almost the same shape and the same 
number of podomere: four and the last podomere bears a claw.  For the first and second 
thoracic legs, the first podomere has one dorsal seta in the middle of proximal and distal ends 
and the same podomere bears one dorsal seta at the end.  The second podomere has one 
dorsal seta, and the third and fourth have no setae.  There is a claw on the last podomere.  The 
third leg is the longest; the first podomere has one seta at the end, the second has one dorsal 
and one ventral seta, the third and fourth have no setae, and the last podomere bears one claw. 
The capsule of male copulatory organ is semicircle with distal lobe is tapering 
outside.  Outher clasping organ also tapering outside.  The ejaculatory duct meandering in 
middle of capsule, and roll up outside. 
 
Brunneostoma sp. 3 (specimen no. Ind. 0671, Figures 47-48). 
Diagnosis: carapace elongated, dorsal margin almost flatened, ventral margin 
weakly sinuous, anterior and posterior are pointed, but posterior is more pointed than 
anterior. 
Occurrence: Pamekasan from Madura Island-Indonesia.  The characteristic of 
environment is embayed sandy muddy coral beach.  This species inhabits Gigartina sp., 
which is typicaly tall and smooth surface algae. 
Brunneostoma sp. 3 has two types pore systems: lip and simple type.   
The antennula has six elongated podomeres.  The first and second podomere are 
unarmed.  The third podomere has one seta at the end of the dorsal side.  The fourth and the 
fifth podomere have two setae on the dorsal side and one seta on the ventral side.  The last 
podomere bears four setae. 
The antenna consists of five podomeres: the first is trapezoidal and elongated 
without setae, the second, third, fourth, and fifth podomere have one seta on the ventral end.  
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The fourth podomere has one very shorth seta on the middle of proximal and distal ends.  A 
claw is present in the terminal of the last podomere.  The exopodite has three podomeres. 
The mandible has a long straight coxa.  The palp has three podomeres; the first 
podomere has one seta and the last podomere bears six setae. 
The maxillula has a branchial plate bearing 15 setae, and one reflexes seta with two 
setae in the terminal.  It consists of three endites (the first endite is the shortest with two 
setae, the second endite has five setae and the third endite has six setae).  There is no palp. 
All thoracic legs are similar in shape; four articulated podomeres, with the last 
podomere bearing a claw in the terminal.  The first thoracic leg: the first podomere has two 
setae (one in the middle of proximal and distal ends and one at the end of the dorsal side), the 
second podomere has one seta on the dorsal side, the third and fourth are unarmed.  The 
second thoracic leg: one thin seta in the middle of proximal and distal ends of the dorsal side 
and one seta at the end of first podomere, one seta at the end of the second podomere.  Third 
thoracic leg: the first podomere has one seta at the end of the dorsal side of the podomere, the 
second podomere has two setae (one on dorsal and another thiner one on the ventral side of 
the terminal podomere), the third and the fourth podomere are unarmed.  A claw is present in 
the distal terminal.  
The capsule of male copulatory organ is elongated with distal lobe is tapering 
outside.  Outher clasping organ also tapering outside.  The ejaculatory duct meandering of 
capsule, and roll up outside. 
 
Genus Paradoxostoma s. l. 
Paradoxostoma s. l. sp. 1 (specimen no. Ind. 0694, Figures 49-50). 
Diagnosis: carapace elongated, dorsal margin almost flatened, ventral margin 
weakly sinuous, anterior and posterior are the same width. 
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Occurrence: Tanah Lot and Blue Lagoon from Bali Island-Indonesia and 
Pamekasan from Madura Island-Indonesia.  The characteristic of environment is open wavy 
rocky beach (Tanah Lot and Blue Lagoon from Bali Island-Indonesia) while Pamekasan from 
Madura Island-Indonesia is embayed sandy muddy coral beach.  This species inhabits Ulva 
sp., Sargassum sp. 1, Grateloupia sp., Galaxaura sp., Padina sp., Nemalion sp., 
Chlorodesmis sp., and Gigartina sp. which is typicaly tall and smooth surface algae and from 
filamentus algae are Chondria sp., and Bostrychia sp. 
Paradoxostoma s. l. sp. 1 has two types pore systems: lip and simple type.   
The antennula has six podomeres; the first and second podomere are unarmed, the 
third podomere has some rudimentary in the middle proximal and distal ends of the ventral 
side and one seta on the dorsal side at the end of the podomere, the fourth and fifth podomere 
have two setae dorsal side and one seta on the ventral side, and the last podomere bears four 
setae on the terminal.  
The antenna: the exopodite has three podomeres, while the endopodite has five 
podomeres: the first podomere is unarmed, the second, third, fourth, and fifth podomere have 
a ventral seta.  The fourth has a short dorsal seta. A claw bears in terminal of fifth podomere. 
The mandible has a short coxa with a palp. A palp has three podomeres.  The last 
podomere bears six setae. 
The maxillula has no palp.  The number of plumose setae is 15, the vibratory plate 
has two setae, there is three endites (the first endite is the shortest with one is shorter than the 
other, the second endite has five setae, and the third endite has six setae). 
The first thoracic leg has four podomeres.  The first podomere has two dorsal setae 
(one seta in the middle of proximal and distal ends and one seta at the end of the podomere).  
The second podomere has one seta at the end and some rudimentary on the dorsal side.  The 
third and fourth are unarmed.  The last podomere bears a claw and it has some rudimentary. 
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The second thoracic leg consists of 4 podomeres.  The first podomere has one seta 
on the middle of proximal and distal ends of the dorsal side and one seta at the end of the 
podomere.  The second podomere has one seta at the end of the dorsal side and one very short 
seta on the ventral side.  The third and fourth podomere are unarmed.  A claw is present in 
the distal end. 
The third thoracic leg has four podomeres: the first podomere is elongated with one 
seta on dorsal side at the end of the podomere, the second podomere has one dorsal seta at the 
end, the third podomere has two very short setae at the end (one on dorsal side and one on the 
ventral side), the fourth podomere is unarmed, and a claw is present in the distal terminal 
with some rudimentary. 
The capsule of male copulatory organ is semiquadrate, the distal lobe is tapering 
elongated outside, outher clasping organ is spine outside, the ejaculatory organ is meandering 
in the capsule. 
 
Paradoxostoma  s. l. sp. 2 (specimen no. Ind. 1122, Figures 51-52). 
Diagnosis: carapace elongated, dorsal margin pointed in middle of posterior and 
anterior, ventral margin flatened, anterior and posterior are pointed. 
Occurrence: Pamekasan from Madura Island-Indonesia.  The characteristic of 
environment is embayed sandy muddy coral beach.  This species inhabits Gigartina sp. 
Paradoxostoma s. l. sp. 2 has two types pore systems: lip and simple type.   
The antennula has six podomeres, the first and second are unarmed, the third has 
one seta on the dorsal part, the fourth and fifth have two dorsal setae and one ventral seta, the 
last podomere bears four setae. 
The antenna consists of the exopodite and the endopodite.  The exopodite has three 
podomeres and the endopodite has five.  The first is unarmed and the second to the last 
 39 
podomere have one seta on the ventral side (except for the fourth also has one shorth seta in 
the middle of proximal and distal ends).  There is a claw bearing on the last podomere. 
The mandible consists of a long coxa and a palp; the palp has three podomeres, the 
first podomere has one seta.  There is six setae at the last of podomere. 
The maxillula has no palp.  The number of plumose setae is 15, the vibratory plate 
has two setae, there is three endites (the first endite is the shortest with one is shorter than the 
other, the second endite has five setae, and the third endite has six setae). 
The first, second, and third thoracic legs have almost the same shape and the same 
number of podomere: four and the last podomere bears a claw.  For the first and second 
thoracic legs, the first podomere has one dorsal seta in the middle of proximal and distal ends 
of podomere and the same podomere bears one dorsal seta at the end.  The second podomere 
has one dorsal seta, and the third and fourth have no setae.  There is a claw on the last 
podomere.  The third leg is the longest; the first podomere has one seta at the end, the second 
has one dorsal seta, the third and fourth podomere have no setae, and the last podomere bears 
one claw. 
The capsule of male copulatory organ is semicircle, the distal lobe is tapering 
elongated outside, outher clasping organ is spine outside, the ejaculatory organ is meandering 
in the capsule. 
 
Genus Bradystoma Schornikov and Keyser, 2004 
Bradystoma sp. (specimen no. Ind. 1132, Figures 53-54). 
Diagnosis: carapace elongated, dorsal margin pointed in middle of posterior and 
anterior, ventral margin flatened, anterior is wider than posterior, and posterior is pointed. 
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Occurrence: Tanah Lot and Blue Lagoon from Bali Island-Indonesia.  The 
characteristic of environment is open wavy rocky beach.  This species inhabits Nemalion sp., 
Masthopora sp., Chondrus sp., and Prionitis sp. 
Bradystoma sp. has two types pore systems: lip and simple type.   
The antennula has six podomeres.  The first and second are unarmed.  The third 
podomere with one seta at the dorsal side.  The fourth and fifth podomere has two setae at the 
end of the dorsal side and one seta on the ventral side, the sixth podomere consists of four 
setae. 
The antenna contains of five podomeres.  The first podomere is trapezoid and 
unarmed, the second, the third, the fourth, and the fifth podomere have one ventral seta.  
There is one dorsal seta in the middle of proximal and distal ends of fourth podomere.  A 
claw is present at the end of podomere.  The exopodite consists of three podomeres. 
The mandible has a long straight coxa, palp has three podomeres and no setae 
present, in the last of podomere bears six setae. 
The maxillula has a branchial plate bearing 15 setae and one reflexed setae (has two 
podomeres).  It has a palp, and three endites (first endite with two setae, the second endite has 
five setae and the third endite has six setae). 
The first thoracic legs: the first podomere has one long seta in the middle of 
proximal and distal ends of dorsal side and one thick seta at the end of the dorsal podomere.  
The second has one dorsal seta and the third, and fourth podomere are unarmed.  A claw is 
present the distal terminal. 
The second thoracic legs has four podomeres: the first podomere has one seta on the 
middle of proximal and distal podomere and at the end of the dorsal podomere, the second 
podomere has one seta at the ends of  the dorsal podomere, the third and the fourth 
podomeres are unarmed, a claw is present in the terminal of the last podomere. 
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Third thoracic legs: first and second podomere have one dorsally seta in the end of 
podomere.  Third and fourth are unarmed.  A claw in the terminal distal. 
The capsule male copulatory organ is semicircle, distal lobe is elongated, 
ejaculatory duct is in the capsule. 
 
Discussion in Characteristics of Paradoxostomatinae Species  
Figure 55 shows the mouthpart feature of Paradoxostomatinae species from 
Indonesia. 
There are two Brunneostoma species from Canary and Madeira Island: B. cuneatum 
Schornikov and Keyser, 2004, B. littorale Schornikov and Keyser, 2004, and Australian 
Brunneostoma (B. minya Behrens, 1991).  The capsule of male sexual organ of  B. sp. 1 is 
similar to B. littorale.  B. sp. 3 similar to B. minya but the capsule of male copulatory organ 
of B. minya is curved.  Two Japanese Brunneostoma (P. brunneum reported by Okubo, 1978 
and P. bruneatum reported by Schornikov, 1975) similar to B. sp. 2 of Indonesian species but 
inner clasping organ of Indonesian species is thinner than Japanese species. 
Two species of genus Paradoxostoma s. l. found from Indonesia.  P. s. l sp. 1 
similar to P. aculeoliferum Schornikov, 1975 from Japan, but the distal lobe of P. 
aculeoliferum is wider than P. s. l. sp. 1.  While P. s. l. sp. 2 similar to P. aculeatum Behrens, 
1991 from Australia, but the inner clasping organ of . P. s. l. sp. 2 is protude outside the 
margin.  There is Paradoxostoma species reported by Arai (2014MS) from Oman, its similar 
to Indonesian P.  s. l. sp. 1. 
One species of Bradystoma found from Indonesia.  Bradystoma sp. Schornikov and 
Keyser, 2004 from Australia, has different shape of male sexual organ with Indonesian 
Bradystoma.  The capsule of Australian species is rounded, while Indonesian species is 
elongated.  The distal lobe of Australian species also rounded, while Indonesian species is 
 42 
elongated and the tip is pointed. Morikoshi (2013MS) reported Bradystoma sp. from 
Phillipine, it seems similar to Indonesian species. 
   Figure 56 shows distribution of Brunneostoma species in the world.  From 
carapace shape and male copulatory organ, it is very difficult to explain the phylogeny 
relationship. Figure 57 shows the distribution of Paradoxostoma s. l. in the world, from the 
copulatory organ and carapace shape, P. s. l. sp. 2 has close relationship with Paradoxostoma 
from Japan (Paleartic region) and Australia region, while P. s. l. sp. 1 has relationship with 
Paradoxostoma from Oman (Ethiopian region).  While figure 58 shows that Indonesian 
Bradystoma species has relationship with Philippine (oriental region) and East Australian.  It 
is seem distribution of Paradoxostomatinae species is wider than Xestoleberis species. 
 
Conclusion in Characteristics of Paradoxostomatinae Species 
 
• First comprehensive description (carapace and softpart as well) of Indonesian 
ostracodes species have been done 
• The new ostracode species in Indonesia: Brunneostoma sp. 3, B. sp 2, P. 












• Indonesian intertidal seaweed faunas in wavy conditions are dominated by 
Paradoxostomatinae. 
• Indonesian intertidal seaweed faunas in relatively stable conditions are dominated by 
Paradoxostomatinae and Xestoleberis. 
• Paradoxostoma has specialized the mouthpart and tip of legs to hold on the seaweed 
in wavy conditions. 
• Four species of Xestoleberis and six species of Paradoxostomatinae were observed, 
illustrated and described. 
• Biogeographycal analysis revealed that Indonesian Xestoleberis were composed of 
Oriental element, Australian element, and original species.  While Paradoxostomatine 
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Explanation of Figures 
 
Figure 1. Map of Madura and Bali Islands Indonesia, showing four sampling sites, two in 
Madura and two in Bali Islands. 
 
Figure 2. The algae photos from the toughest habitat, tall and smooth surface algae samples 
from open wavy rocky beach.  Algae were taken from open wavy rocky beach 
Tanah Lot are a: Ulva sp., b: Sargassum sp. 1, c: Grateloupia sp., d: Galaxaura 
sp., e: Padina sp., f: Nemalion sp., g: Masthopora sp., h: Chondrus sp., and from 
Blue Lagoon are: i: Prionitis sp., and j: Chlorodesmis sp.  
 
Figure 3. The algae photos from relatively stable habitats, filamentus algae from open wavy 
beach were taken from Tanah Lot: a: Bostrychia sp., b: Chondria sp., c: gen. et. sp. 
indet; and tall and smooth surface algae from embayed sandy muddy beach: d: 
Gigartina sp., e: Sargassum sp. 2. 
 
Figure 4. Lateral view of carapace ostracode species in Bali and Madura Islands (a-j: 
Paradoxostomatinae species (a: Brunneostoma sp. 1, b: Brunneostoma sp. 2, c: 
Paradoxostoma s. l. sp. 2, d:  Paradoxostoma s. l. sp. 1, e: Brunneostoma sp. 3, f: 
Paradoxostomatinae sp. 1, g: Paradoxostomatinae sp. 2, h: Paradoxostomatinae 
sp. 3, i: Paradoxostomatinae sp. 4, j: Bradystoma sp); k-n: Xestoleberis species 
(k: Xestoleberis sp. l: Xestoleberis sp. 2, m: Xestoleberis sp. 3, n: Xestoleberis sp. 
4); o-v: Subordinate species (o: Paranesidea sp, p: Hemicyheridea sp.,, q: gen. et 
sp. indet. 1, r: gen. et sp. indet. 2, s: Loxoconcha sp, t: Hemicytherura sp., u: 
Schrelochilus sp.). 
 
Figure 5. Faunal composition of ostracode in Ulva sp (tall and smooth surface algae  type).  
 
Figure 6. Faunal composition of ostracode in Sargassum sp. 1 (tall and smooth surface 
algae type). 
 
Figure 7.  Faunal composition of ostracode in Grateloupia sp. (tall and smooth surface algae 
type).  
 
Figure 8.  Faunal composition of ostracode in Galaxaura sp. (tall and smooth surface algae 
type). 
 
Figure 9.  Faunal composition of ostracode in Padina sp. (tall and smooth surface algae 
type). 
 
Figure 10.  Faunal composition of ostracode in Nemalion sp. (tall and smooth surface algae 
type). 
 
Figure 11.  Faunal composition of ostracode in Masthopora sp. (tall and smooth surface algae 
type). 
 




Figure 13. Faunal composition of ostracode in Prionitis sp.  (tall and smooth surface algae 
type). 
 
Figure 14. Faunal composition of ostracode in Chlorodesmis sp. (tall and smooth surface 
algae type). 
 
Figure 15. Faunal composition of ostracode in Gigartina sp. (tall and smooth surface algae 
type). 
 
Figure 16. Faunal composition of ostracode in Sargasum sp.	  2	  (tall and smooth surface algae 
type). 
 
Figure 17. Faunal composition of ostracode in Chondria sp. (filamentus algae type). 
 
Figure 18. Faunal composition of ostracode in Bostrychia sp. (filamentus algae type). 
 
Figure 19. Faunal composition of ostracode in gen.	  et	  sp.	  indet.	  sp.	  (filamentus algae type). 
 
Figure 20. The mouthpart (scale bar on µm) of Paradoxostomatinae species. 
Figure 21. The SEM of suctorial disk of Paradoxostomatinae and the mouth part of 
Xestoleberis sp.  a, c, e: Lateral view of Bradystoma sp.  with the suction-cup-like 
mouthpart.  b, d, f:  Ventral view of the Bradystoma sp. illustrating suction-cup-
like mouthpart.  g, h: Lateral view of the Paradoxostoma (s. l.) sp. j: Lateral view 
of the Xestoleberis sp. with normal mouthpart (no prominent suction-cup-like 
feature).  i, k : Ventral view of the Xestoleberis sp. (Scalebar: Single – 100 µm, 
Doble – 5 µm). 
 
Figure 22. The coxa from different microhabitats. 
 
Figure 23. The third thoracic legs of Paradoxostomatinae in the different of microhabitats. 
 
Figure 24. The SEM of third thoracic legs of Paradoxostomatinae in the different of 
microhabitats. 
 
Figure 25. The third thoracic legs of Xestoleberis.   
 
Figure 26. The carapace performance of Xestoleberis sp. 1, a: hinge, b: lip pore, c: sieve 
pore, d: muscle scars, e: carapace shape, f: illustration of pore distribution (small 
dot: sieve pore, big dot: lip pore). 
 
Figure 27. Softpart of Xestoleberis sp. 1. a: antennula, b: antenna, c: mandible, d: maxillula, 
e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: hemipenis. 
 
Figure 28. The carapace performance of Xestoleberis sp. 2, a: hinge, b: lip pore, c: sieve 
pore, d: muscle scars, e: carapace shape, f: illustration of pore distribution (small 
dot: sieve pore, big dot: lip pore). 
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Figure 29. Softpart of Xestoleberis sp. 2. a: antennula, b: antenna, c: mandible, d: maxillula, 
e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: hemipenis. 
 
Figure 30. The carapace performance of Xestoleberis sp. 3, a: hinge, b: lip pore, c: sieve pore, 
d: muscle scars, e: carapace shape, f: illustration of pore distribution (small dot: 
sieve pore, big dot: lip pore). 
 
Figure 31. Softpart of Xestoleberis sp. 3. a: antennula, b: antenna, c: mandible, d: maxillula, 
e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: hemipenis. 
 
Figure 32. The carapace performance of Xestoleberis sp. 4, a: hinge, b: sieve pore, c: muscle 
scars, d: illustration of pore distribution, e: carapace shape (small dot: sieve pore). 
 
Figure 33. Softpart of Xestoleberis sp. 4. a: antennula, b: antenna, c: mandible, d: maxillula, 
e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: hemipenis. 
 
Figure 34. Comparison between Xestoleberis yambaensis (Hartmann, 1981) and Xestoleberis 
sp. 1 and Xestoleberis sp. 2. a: carapace performance, b: antennula, c: antenna, d: 
hemipenis. 
 
Figure 35.  Hemipenis of Xestoleberis dentata Group.  The picture in the green color are data from 
Sato (2008MS) and the black color is from this study.  The ejaculatory duct shown in the 
red color. 
 
Figure 36. Hemipenis of Xestoleberis dentata Group.  The picture in the green color are Xestoleberis 
species which have symmetric distal lobe and the yellow color which have asymmetric 
distal lobe.  The ejaculatory duct shown in the red color. 
 
Figure 37.  Hemipenis of Xestoleberis dentata Group.  The picture in the green color are Xestoleberis 
species which have coil type ejaculatory duct and the yellow color which have loop type 
ejaculatory duct.  The ejaculatory duct shown in the red color. 
 
Figure 38.  Hemipenis of Xestoleberis dentata Group.  The picture in the green color are Xestoleberis 
species which have edge-type capsule shape, red color which have round type capsule 
shape, and the yellow color which have intermediate type capsule shape.  The ejaculatory 
duct shown in the red color. 
 
Figure 39.  Hemipenis of Xestoleberis hanaii Group.  The picture in the green color are data from 
Sato (2008MS) and the black color is from this study (Xestoleberis sp. 3). 
 
Figure 40.  Hemipenis of Xestoleberis hanaii Group.  The picture in the green color are Xestoleberis 
species which have elongate distal lobe and triangle/round capsule, blue color which have 
thick distal lobe and round capsule, yellow color which has thick distal lobe and triangle 
capsule, and the black color which has unique characteristics (strongly elongate distal 
lobe and quadrate capsule). 
 
Figure 41.  Hemipenis of Xestoleberis B Group.  The picture in the orange color are data from Sato 
(2008MS) and the black color is from this study (Xestoleberis sp. 4). 
 
Figure 42.  Hemipenis of Xestoleberis B Group.  The picture in the orange color are Xestoleberis 
species which have rhomboid capsule shape, blue color which have quadrate capsule 
shape, and green color which has triangle capsule shape. 
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Figure 43.  Carapace performance of Brunneostoma sp. 1. a: carapace shape, b: lip pore, c: simple 
pore. 
 
Figure 44. Softpart of Brunneostoma sp. 1. a: antennula, b: antenna, c: mandible, d: 
maxillula, e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: 
mouth, i: penis. 
 
Figure 45. Carapace performance of Brunneostoma sp. 2. a: carapace shape, b: lip pore, c: simple 
pore. 
 
Figure 46. Softpart of Brunneostoma sp. 2. a: antennula, b: antenna, c: mandible, d: 
maxillula, e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: 
mouth, i: penis. 
 
Figure 47.  Carapace performance of Brunneostoma sp. 3. a: carapace shape, b: lip pore, c: simple 
pore. 
 
Figure 48. Softpart of Brunneostoma sp. 3. a: antennula, b: antenna, c: mandible, d: 
maxillula, e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: 
mouth, i: penis. 
 
Figure 49. Carapace performance of Paradoxostoma s. l. sp. 1. a: carapace shape, b: lip pore, c: 
simple pore. 
 
Figure 50. Softpart of Paradoxostoma s. l. sp. 1. a: antennula, b: antenna, c: mandible, d: 
maxillula, e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: 
mouth, i: penis. 
 
Figure 51. Carapace performance of Paradoxostoma  s. l. sp. 2. a: carapace shape, b: lip pore, c: 
simple pore. 
 
Figure 52. Softpart of Paradoxostoma s. l. sp. 2. a: antennula, b: antenna, c: mandible, d: 
maxillula, e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: 
mouth, i: penis. 
 
Figure 53. Carapace shape of Bradystoma sp. 
 
Figure 54. Softpart of Bradystoma sp. a: antennula, b: antenna, c: mandible, d: maxillula, e: 
first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: mouth, i: penis. 
 
Figure 55. SEM of mouthpart. a: mouthpart of Brunneostoma sp. 2, b: mouthpart of 
Paradoxostoma s. l. sp. 1, c: mouthpart of Bradystoma sp. 
 
Figure 56. The comparison Brunneostoma sp. from other studies (green color) with 
Brunneostoma sp. from this study (black color). 
 
Figure 57. The comparison Paradoxostoma s. l from other studies (green color) with 
Paradoxostoma s. l. from this study (black color). 
 
Figure 58. The comparison Bradystoma sp. from other studies (green color) with Bradystoma 
sp. from this study (black color). 
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Explanation of Tables 
 
Table 1. Type of beach, pH, and water temperature recorded in the sampling sites. 
Table 2. Faunal list of ostracode from four localities (Tanah lot, Blue Lagoon, Pamekasan, 
and Sumenep) in 15 algae species.  The red color shows the number of dominant 
species from each algae sample. 
 
Table 3. The composition of ostracode species found in particular algae species in Bali and 
Madura Islands, Indonesia.  The notation represent the percentage of ostracode, 
while percentage with parenthesis means the total number of ostracode less than 
40 individuals in sample.  
 
Table 4. The Paradoxostomatinae species, type of the microhabitat, mouthpart size (major 
axis), claw and the preference of the type of algae. 
  
Table 5.  Comparison of male copulatory organ Xestoleberis dentata Group. 
 
Table 6.  Comparison of male copulatory organ Xestoleberis hanaii Group. 
 




























Figure 1. Map of Madura and Bali Islands Indonesia, showing four sampling sites, two in 








Figure 2. The algae photos from the toughest habitat, tall and smooth surface algae samples 
from open wavy rocky beach. Algae were taken from open wavy rocky beach 
Tanah Lot are a: Ulva sp., b: Sargassum sp. 1, c: Grateloupia sp., d: Galaxaura sp., 
e: Padina sp., f: Nemalion sp., g: Masthopora sp., h: Chondrus sp., and from Blue 











Figure 3. The algae photos from relatively stable habitats, filamentus algae from open wavy 
beach were taken from Tanah Lot: a: Bostrychia sp., b: Chondria sp., c: gen. et sp. 
indet; and tall and smooth surface algae from embayed sandy muddy beach: d: 


















Figure 4. Lateral view of carapace ostracode species in Bali and Madura Islands (a-j: 
Paradoxostomatinae species (a: Brunneostoma sp. 1, b: Brunneostoma sp. 2, c: 
Paradoxostoma s. l. sp. 2, d:  Paradoxostoma s. l. sp. 1, e: Brunneostoma sp. 3, f: 
Paradoxostomatinae sp. 1, g: Paradoxostomatinae sp. 2, h: Paradoxostomatinae 
sp. 3, i: Paradoxostomatinae sp. 4, j: Bradystoma sp.); k-n: Xestoleberis species 
(k: Xestoleberis sp. l: Xestoleberis sp. 2, m: Xestoleberis sp. 3, n: Xestoleberis sp. 
4); o-v: Subordinate species (o: Paranesidea sp, p: Hemicyheridea sp., q: gen. et 

































































































































































































Figure 20. The mouthpart of Paradoxostomatidae species. 
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Figure 21. The SEM of suctorial disk of Paradoxostomatinae and the mouth part of 
Xestoleberis sp.  a, c, e: Lateral view of Bradystoma sp. with the suction-cup-like 
mouthpart. b, d, f:  Ventral view of the Bradystoma sp. illustrating suction-cup-like 
mouthpart. g, h: Lateral view of the Paradoxostoma (s. l.) sp. j: Lateral view of the 
Xestoleberis sp. with normal mouthpart (no prominent suction-cup-like feature). i, 








































































Figure 26. The carapace performance of Xestoleberis sp. 1, a: hinge, b: lip pore, c: sieve pore, 
d: muscle scars, e: carapace shape, f: illustration of pore distribution (small dot: sieve pore, 




Figure 27. Softpart of Xestoleberis sp. 1. a: antennula, b: antenna, c: mandible, d: maxillula, 




Figure 28. The carapace performance of Xestoleberis sp. 2, a: hinge, b: lip pore, c: sieve pore, 
d: muscle scars, e: carapace shape, f: illustration of pore distribution (small dot: sieve pore, 





Figure 29. Softpart of Xestoleberis sp. 2. a: antennula, b: antenna, c: mandible, d: maxillula, 








Figure 30. The carapace performance of Xestoleberis sp. 3, a: hinge, b: lip pore, c: sieve pore, 
d: muscle scars, e: carapace shape, f: illustration of pore distribution (small dot: sieve pore, 





Figure 31. Softpart of Xestoleberis sp. 3. a: antennula, b: antenna, c: mandible, d: maxillula, 




Figure 32. The carapace performance of Xestoleberis sp. 4, a: hinge, b: sieve pore, c: muscle 













Figure 33. Softpart of Xestoleberis sp. 4. a: antennula, b: antenna, c: mandible, d: maxillula, 

















Figure 34.  Comparison between Xestoleberis yambaensis (Hartmann, 1981) and 
Xestoleberis sp. 1 and Xestoleberis sp. 2. a: carapace performance, b: antennula, 




















Figure 35. Hemipenis of Xestoleberis dentata Group.  The picture in the green color are data from 











Figure 36. Hemipenis of Xestoleberis dentata Group.   The picture in the green color are Xestoleberis 
species which have symmetric distal lobe and the yellow color which have asymmetric 














Figure 37. Hemipenis of Xestoleberis dentata Group.   The picture in the green color are Xestoleberis 
species which have coil type ejaculatory duct and the yellow color which have loop type 









Figure 38. Hemipenis of Xestoleberis dentata Group.  The picture in the green color are Xestoleberis 
species which have edge-type capsule shape, red color which have round type capsule 
shape, and the yellow color which have intermediate type capsule shape.  The ejaculatory 
duct shown in the red color. 
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Figure 39. Hemipenis of Xestoleberis hanaii Group.   The picture in the green color are data from 





Figure 40. Hemipenis of Xestoleberis hanaii Group.  The picture in the green color are Xestoleberis 
species which have elongate distal lobe and triangle/round capsule, blue color which have 
thick distal lobe and round capsule, yellow color which has thick distal lobe and triangle 
capsule, and the black color which has unique characteristics (strongly elongate distal lobe 





Figure 41.  Hemipenis of Xestoleberis B Group.  The picture in the orange color are data from Sato 






Figure 42.  Hemipenis of Xestoleberis B Group.  The picture in the orange color are Xestoleberis 
species which have rhomboid capsule shape, blue color which have quadrate capsule 





















Figure 44.  Softpart of Brunneostoma sp. 1. a: antennula, b: antenna, c: mandible, d: 
maxillula, e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: 






































Figure 46.  Softpart of Brunneostoma sp. 2. a: antennula, b: antenna, c: mandible, d: 
maxillula, e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: 






































Figure 48.  Softpart of Brunneostoma sp. 3. a: antennula, b: antenna, c: mandible, d: 
maxillula, e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: 
















Figure 50.  Softpart of Paradoxostoma s. l. sp. 1. a: antennula, b: antenna, c: mandible, d: 
maxillula, e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: 

















Figure 52.  Softpart of Paradoxostoma s. l. sp. 2. a: antennula, b: antenna, c: mandible, d: 
maxillula, e: first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: 
mouth, i: penis. 
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Figure 54.  Softpart of Bradystoma sp. a: antennula, b: antenna, c: mandible, d: maxillula, e: 
first thoracic leg, f: second thoracic leg, g: third thoracic leg, h: mouth, i: penis. 
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Figure 55. SEM of mouthpart. a: mouthpart of Brunneostoma sp. 2, b: mouthpart of 
Paradoxostoma s.l. sp. 1, c: mouthpart of Bradystoma sp. 
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Figure 56. The comparison Brunneostoma sp. from other studies (green color) with 













Figure 57. The comparison Paradoxostoma s. l from other study (green color) with 




Figure 58. The comparison Bradystoma sp. from other study (green color) with Bradystoma 


























Table 1. Type of beach, pH, and water temperature recorded in the sampling sites. 
Islands Bali Madura 
Sites Tanah 
Lot 
Blue Lagoon Pamekasan Sumenep 

















10 3 1 1 
pH 8.1 7.9 8.3 8.4 
Temperature 
(°C) 






























Table 2. Faunal list of ostracode from four localities (Tanah lot, Blue Lagoon, Pamekasan, 
and Sumenep) in 15 algae species. The red color shows the number of dominant species from 
























Table 3.  The composition of ostracode species found in particular algae species in Bali and 
Madura Islands, Indonesia. The notation represent the percentage of ostracode, 
while percentage with parenthesis means the total number of ostracode less than 























Tanah Lot Ulva sp.  (88%)     
Sargassum sp. 1   (79%)   
Grateloupia sp.   (52%)    
Galaxaura sp.    (67%)   
Padina sp.    (89%)   
Nemalion sp.     (95%)  
Mastophora sp.     (92%)  





Prionitis sp.   90%    
Chlorodesmis 
sp.  
  (43%)   
Pamekasan Gigartina sp.     54% 




Tanah Lot Chondria sp. 94%     
Bostrychia sp.      91%   
Blue 
Lagoon 
gen. et sp. indet.  
 
















Table 4. The Paradoxostomatinae species, type of the microhabitat, mouthpart size (major 
axis), claw and the preference of the type of algae. 
  














ok ok  50 Robust 
Brunneostoma 
sp. 2 
ok   61 Robust 
Paradoxostoma 
s. l. sp. 1 
ok ok  17 Robust 
Bradystoma sp. ok   72 Robust 
Paradoxostoma 
japonicum  




  ok 23 Thinning-
out 





































X. aurantia Symmetry Coil Round 
X. nitida Symmetry Coil Edge 
X. rubens Symmetry Coil  Round 
X. labiata Symmetry Coil  Edge 
X. pellucida Symmetry Coil  Intermediate 
X. xaixaiensis Symmetry Coil  Edge 
X. aff hopkinsi Symmetry Coil  Round 
X. mixohalina Symmetry Coil  Intermediate 
X. hopkinsi Symmetry Coil  Intermediate 
X. aff hopkinsi Symmetry Coil  Round 
X. hawaiensis Symmetry Coil  Edge 
X. sp. 1 from 
Japan 
Asymmetry Coil  Round 
X. ikeyai Symmetry Coil  Edge 
X. dentata Symmetry Triple coil Edge 
X. yambaensis Asymmetry Loop  Round 
X. sp. 1 Asymmetry Loop  Intermediate 


















Table 6. Comparison of male copulatory organ Xestoleberis hanaii Group. 
 
Species Location  Capsule Distal Lobe Ejaculatory duct 
X. hanaii i-type Japan Round Thick  on the lobe 
X. Hanaii L-type Australia Round Thick  on the lobe 
X. sp. 11’ Japan Round Elongate  on the lobe 
X. sp. 2 Philippine Triangle Elongate  on the lobe 
X. porthedladensis Australia Triangle Elongate  on the lobe 
X. porthedladensis Australia Triangle Elongate  on the lobe 
X. sp. 5 Hawaii Triangle Elongate  on the lobe 
X. sp. 11 Japan Triangle Thick on the lobe 




























Table 7. Comparison of male copulatory organ Xestoleberis B Group. 
 
Species Location  Capsule Distal 
Lobe 
Ejaculatory duct 
X. magnoculus Japan Rhomboide Rounded  Rotated toward inner margin of 
lobe 
X. kuroshio Japan Rhomboide Elongated  Rotated toward inner margin of 
lobe 
X. sp. 4 Sato, 2008MS Japan Rhomboide Elongated  Rotated toward inner margin of 
lobe 
X. sp. 4 (This study) Indonesia Rhomboide Elongated  Rotated toward inner margin of 
lobe 
X. tantabiddycreekensis Australia Quadrate Rounded  Rotated toward inner margin of 
lobe 
X. cauticola Australia Quadrate Rounded  Rotated toward inner margin of 
lobe 
X. sp. maculata Africa Quadrate Elongated   Rotated toward inner margin of 
lobe 
X. sp. 3 Philippine Triangle Elongated  Rotated toward inner margin of 
lobe 
 
 
 
 
